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^^H> #m (fR, -y-5r>w f t;v5~^a, ft, 
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Lv^o SS^JO^*n*ti, BK* fcttft*0«**fc*frLT 1-50 
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oxfv^t^ 7yjfctr-';f>-^7;vtnr^h>*i^ y 
v it tr- y ry-x-r v 7 ? it y ^ - y n e v >*m^-#. 
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Sfcfc. ^mSSm«§-t^-*f±^ Ji&L£J: 
[0 0 6 0] 

i^xx r^if r ^ "J v- x^yt;-?-, ^vv7 

Ttt, $t*t£ (UV) (EB) f««$:fflv^:i:^i 

[0 0 6 1] 

««»Htte#y*T-fctt> atJR^HJttlWfllOBW-C, aMS#o^j&*«r#L* 



tBSE# 2004-3060941 



#M 2003-157505 



^-v: 20/ 



^ftt^e^v-^LTif 5 oit%OT> 0^ t<(i2 om*%J^T-e^>^ 
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m^2m±<7)5^ 0 l;^^-V>^ , ; n-^v T^VV-h, s^S2m± 

<7)^ij ynt'vy^'j n-;vy (y T^uv-K #y ^v^i^/* 0 
'Jt^yynti'y^i^y (y T^VW-K -7** > v*-;^ 

tfg Ih V ^f-n-^n;^ h 'J *) 7^'JV-f 

oh 1 ; (y*) 7^';v-f, ^y -by >oynevyt^y KltJjDt^ h v ( 

y*) 7^'JV-f> ^y -ty VOxfV>t + y K> T'n kf VVt^y KftjftP 

l^v^aivx 1 ; (y?) r^yv-K v^U -ty 

[0 0 6 3] 

Biff ST ^ V V- b^yr-^ii, ifctiWS^lW-Cl't^y^-Sr^iB't 

-Jl/Bk ^?rr>^ y>73^, ;*-9-3>m> ^fV^nyf, yu — y 
;vyn;r/^;v*yi^t ifcfi-eti (LiH, Nail, K^. T>*~ 

Cl-Cl 8<7)liTOt/c(iJ3I^T;V=r-;K T;V*W^ (C2-C4) 
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K, N-^/UvW >^;7 5 b\ N, N - y xf ;V7 V 'f 7 7 5 K 

, (^^) T^';;v^^-r^ [c i ~c i s<Dmwm (**->k 

% -/nt^K -7*^-;K 2 — ^f7');^) 7;V3-^i: * 

) U Jf:li7^1/> (C2-C4) ^n-/!" 

l/>^Un-;v x 7"n fcfl/>^V 3-/K l, 4 -7** > v*-;i^§0 
';T^*V> (C2-C4) ^'J3-^ (*'v> n-;K stf'j'/nvf 

K2£liN-Sm (^?) T^V^T5 K [ (7?) T^'^VTS h\ N-^ 
)V U?) T^';;VT^K> N-^n-;v T^V^7U'f] ; If- 

;l/J/v:{i7'J^x-f^ [y^)V\£=-)UJu—-f)U^ K7*^^7 'J ;vx-f ^] 

TOfDT^n-^ [ (7?) 7'J^7^a-;vf] J^MPT^^ [ T 

t*x;nf'jyyf] i^mtmmAteYm i^v>^ yntrv>. r 

fV/, 'fVT'fU/, ^^T>, (C6-C50) a-^-v^-f^^] 

•7 >mJ3&^R<b7X^ [v?n^>T->> v^u^-fc^ v^d^t^ 

] <s#pfe,*i4 0 
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;-Jl'Ay7 , Jyy>i-TiK if 77x7 - ;i/F yY'J y y;vx-f ;K £$t 
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| , ^'Jyy>7r/S I 1- 'J y^J vv;W Vv7^ V— K -r h ^y' 1 ; vv^ 
y*7^7i-;v^r/f! , t»^x^>^^ Ki Ix^^yjb^'JT'? 
v'jcy, i^^r^^S^} , flg^J-*'*-»M Kg* 13, 4x^y-6^ 
fjl/y^nA^yjMf;v*^^yl^-f, 3, ix^yyi'D^yW 
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fW/fb7rA 3, 9- (3-7S>> 7>ntf;l/) -2, 4, 8, 10—rh 
otwea [5, 5] «7>t*#>^I . »t»#'JT5>* U^yV> 
v?T^ y'TU7xxwr/f| > jKVT^KS |^7-i*V7n* 

Kn&S7k7?;v^ i^VJ^'JyhR, i^f;vty^t! , 7x;-jv 
3g |7x;-;v;**7^fl > tf*) tfrifffy I^VWT'fK^I > H 
H7<>i Ihyx (y^f;i/757^f;v) 7xy-JK 2 -x.^;v- 4 
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->7^-h, '77xx;V^?y^Vy7^-f, 1, 6 
7v7*-.K 2, 2, 4 (2, 2, 4) -h'J^f ;v-^t;<f I/>yM7 
vT*-K p-7xXl/yyM7y7^-hv 4, 4' -^y^nAJfy;^ 
*>3M V->7*- K 3, 3 ' - 

y^f;v^7xx;v4, 4' -^Vy7^~K y7-yy>yM7y7^- 
K m-^yVy^ V vT*- K PJ^Wyl'>^7y7^-h, >f 
77tny^7y7^-h^ 1, 5-t7^1/>^7y7^-K tran 
s-l, 4-y^Ai|ry;l/yM7y7^-f, 'Jy>yM7y7^-fW 
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[0 0 6 7] 

^U-b 1 ;^. h^fn-^/nyr/, l, 2, 6-^t>bVt-;K HJ 

*^>\ ^fW^yKfl . 5t^fc^» 12, 2, 6, 6-rf7^ ( 

{v;nfh-;w X;vvh-;vf| % S^^b^tf I*- 

?u-xm ] > ££tf#v^-"rfl'#y*-;MB 

u^^x^v^ 1 ; [ff|B^';^--^i:#^m ir^e>m> o, m, p- 
~7 9Mk^ ^'^ZWl, T-*£?4 yW., -b^v>^> ■Jy/-iHI £<7)£g£-tK 

[0 0 6 8] 

|N, N-^f;Vy^n^y;v7rA fijxf^75>fl .^fcK^/T 
3->!H N-^f-^*^* 1 ; . ^T^>i IN, N, N' , N 

' -f >7^f^f^>V7rA N, N, N' , N' -7>7^fiH, 3 

--f^y~Jr^ym\ > h'J7r/i In, n, n' , n' 

f-Vy h 'J7< , IN, N, N' N' -7b7 (3~i?*?- 

;i,7^7'nt» -^>y'7^f| , »f'J7r^i Wr*?* 9 '** 
(DAB CO) , N, N' -i^^Vfcf^v^ 1, 2-v^;W 
S*V->K 1, 8-v7^ftfv?n (5, 4, 0) V>7**>-7 (DBU) 
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[0 0 6 9] 
[0 0 7 0] 

[0 0 7 1] 

[0 0 7 2] 
[0 0 7 3] 

aPHMRJ&W t-7K* 3 L ('J y h )V) Xtitzo $<bi:pH=l 1. 6 £ & & £ 
MWmZfB^X 1 2 0 0 r pmt?«^U J: 0 RJ&«F'3$§iftiag£ 5 
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[0 0 7 4] 

— ^ H^^'tia (2 0*0 T'PSLfCo ^MW-ffi^&j^^fcf;^ t> 
#>itErt ? 0. 580mo 1/L> ~ y *r JVzHJf^ 0 . 5 8 0mol/L, 3a' 
^bstJt^O. 5 8 0mo 1/L^ tK7V>W0. OlOlmol/Lt 
ft^J:?^ flEI*^^ (M11SO4) imWi, Wk-y^r^ (N i SO4) tK 

^m^^'^b (C0SO4) 7j^$£u f ti k^> (nh 2 nh 2 ) 

[0 0 7 5] 

5 ox:K&v?zKfcWftmm<vmwzmi%&b, mm^Mm* 3 . 2 

m l/m i n^*^ff|5RSmi*I^^^?iTt^o ZtitmfflLX. 16 
mo 1 /L07>^ T7jt& 0. 2 m 1 /m i n OSifitrMIfiRf&Wrti'-fST L 
tzo Ztz, mZEJ&mftmfcV pKtfl 1. 6 (±0. 05) £-£K&;z>J:^ 

, 3 2%ymit±w ^^mu^mmm^xLtio ttz^ mm-m^3. ol 

. N i -Mn-C 0&mtMfe<OffiiiL*Wzo ? * X^HJiffiPJj^O^. 
i-Mn-Co*MIE#(i. /?— Ni (OH) 2 Mif§.r B *t7£&a^ tt^t 
i bfffofr-ofzo 
[0 0 7 6] 

#«btt^N i -Mn-C o^miE#i:7Xm^';f-^A-7K^©*i:^mT-Jt 
T*L i/ (Ni+Mn + Co) =1. 0 £ <£ ? U -H^-M^L^o 

itL^T;^5^^9^^^r^L^ m^^rffiv^T. f^^^t^m^ 10 

0*C/h rtlOO 0tlt»#fit, 10 0 OTHCTl 5 h r^U 
0 0°C/h r -C6 0 OViX^m^, Li-Mn-Ni-Col 
temtitoZftteo ^ y * ^HI4lf nbtitzh i -Mn-N i -C o 
m-a-M^J^ ^H^R 3 -m£»«$*L& a — N a F e O^St^tt"?*^ 
fco ICP«»^f> L iMn 0 .33N i 0 .33C oo.3302^*^ L ^ 
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[0 0 7 7] 

mftfotLX^>#>mm&0. 2 8 1mol/L, -f^ftW. 2 
81mol/L, 3^^>«JK**1. 179mol/L, V>iftj£rt*0. 
OlOlmol/Lift&J:^, (MnS0 4 ) 7to&f£, fli&Bfc- 

•y (N i S O4) tK^^ flfcBfta^^ h (C o S O4) TKiBifcRtffc K9S» 

(NH 2 NH 2 ) *»**«^LT»fctO«rfflv^ifc*»v^-C»±, ±IEfcMI 
O^tCiO^ Li-Mn-Ni-Col«ft^:o ^ -y ? ^EMOte 
Ojg*. febilfzL i -Mn-N i - C o M^-mittJte. SBSR3-mi:»R 
?Wa-NaFe O2*$S0 , £fl t T* o fc„ ICP Jftjft^*f OJft*, L i M n 0 
.16N i 0.16C o o.67 O2&& *W8Lfco ^WLi-Mn-Ni -CotMb 

[0 0 7 8] 

IT, ^>#>M?^0. 141mo l/L> -y^r^iftS**0. 1 
41mol/L, 3/t^biftR#l. 4 7 8mol/L, l; K9^V»J£**0 . 
OlOlmo 1/L^^i9^ fi^WtfV (M11SO4) 

(N i SO4) 7K?#i£> (C0SO4) 7KM^F7y> 

(NH 2 NH 2 ) ^cjfttft^fi^tT^feOtfflV^CfcSrlfcv^Ttt^ -hffi t IStft 
(D^m^ZV, Li-Mn-Ni-Co*#lfl«t^. ***IIII#r»95£ 
nbthfzL i -Mn-N i - CoS^W^ WR3-m}:fI 
$ tl^, a - N a F e O 2il^±#t ^ o ICPMMOg^ LiMnQ 
.08N i 0. 08 c O0.84O2fcJ**ftBX*=« COL i -Mn-N i -Col^t 
• *3E«««KCi:t*. 
[0 0 7 9] 
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[0 0 8 0] 
[0 0 8 1] 

, ^O^^^T^^-^Alg^^^^iE^W^l 20jtM^^L^. ££ 
&U rvxL/:o m_hOX^^i:«9> IE^*# 1 2_htciE@^Jl 1 ^SBfi 

[0 0 8 2] 

@*m#2 2?>tf-WK^fcL/^ f£»U 7^* L£ 0 X *) „ ft 

2 2 ±1^*^*112 l^g$*Lfcft^2£#;fco fcfc, Utt^Bl^ff 

[0 0 8 3] 

•b^ v- * 3 it, %rii&mtx~&z> # v j-^- v >mim o . 1 ? m 

% W?L^5 0%, f$23/^m, ttl 2.5 2 g/nA i§jnjg8 9#/l 0 
0ml) *fflv^ 0 
[0 0 8 4] 

]/- * 3 £@E L-r«®1-^> i £ X *) , *»J& L fco 
[0 0 8 5] 

5 o#j^-e^L/irl^^ l'Jyh ;w*> l */kz> L i P F 6 £?#MS-£> S 
h \z fcf ~ Wii- - h £ 2 m*%fl^-1" & £ J: «J Wfco 
[0 0 8 6] 

ffifiE# 2004-3060941 



#M 2003-157505 



5?: 28/ 



o 

[0 0 8 7] 

1 ) 

iE^rf&t/St LTL iMn 0 .33N i 0.33^ oo.3302»^* s l*©^* Ljt ^SBiE 

[0 0 8 8] 

(*$KH*«12) 

jEtefe'&Ri: t"CL iMn 0 .l6N i o. 16 C o 0 .67°2^^^£^i^ SiE 
[0 0 8 9] 

MMjJC t LT L i M no. 08N i 0.08C o 0 . 8402^***®^ tlfcftFfBIE 

[0 0 9 0] 

4) 

5 : 5 tfe*^»jK ;WC, LiPFgUiN (CF 3 SO 

2 ) 2 t^9 5! SOfiMJfCS^U^Vf-fAffiSrlmo 1 / 1 ?>#jg-Ci#fil£ 

^i^^tii, $^si2 hnmz.\^x / mmm,z> o omAhw**t» 

[0 0 9 1] 

(jt^m?& 1 ) 

Mf»S^L-C> *e*/WSilSJMS£fcW?-*L iMn 2 04^^ *s& 

ffiSE#2 004-3060941 
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fcJttfclifel t-t&o 
[0 0 9 2] 

lEm^MtLx, l i coo 2 »t, *mwmmi tmmzLx&im 

ft 6 0 0 mA hO**WBRIft*ft»Lfco £*L«rJttRm?lll2 fci"S 0 
[0 0 9 3] 
(Jt^m?&3) 

5 : 5<o#j<£-cri^L£M^MU v ? Hwc, 1 i P F 6 

[0 0 9 4] 

1~3 S.tfJtfcm^ 1~3 fcov*T, 2 5TCi:r«M^ 
3-9-^f ^MfofCo ?Elii> 116 0 0mA, i&lL*fl=4. 2V<0tt 

ijEiS^ltU tilt 116 00mA (1. 0 I t) , &Jt*I£3. 0V 

<Dfcwsmm.t Ltzo z<Dt%<oz*M ^;waoscm#** n. oi t^sc 

m#4 (mAh) J kLfco 
[0 0 9 5] 

3/E*tt^T. 116 0 0mA, j&it*JE4. 2 V05£mflKt«E3E*fc U ifcl 
(i, 1112 0mA (0. 2 I t) . 6 0 0mA (1. 0 I t ) Xii 1 2 0 0 m 
A (2. 0 1 t) £ U £*-lhlJE3. 0 VWgllKlt Lfc 0 Jfcll 
11112 0mA (0. 2It) fcUtlO&tii* l~0. 2 I t 

(mAh) J t Ltz Q &111111 2 0 0mA (2 I t) Lfzt 

iomm#»* r2 1 t^sci#* (mAh) j tn a 

[0 0 9 6] 
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^CK, WIC<US.2 5Vl'X^ 116 0 0mA, $?-iLmJE4. 2V<7)fcWW,fc 

mm) J tLtio 
[0 0 9 7] 

WiVafrh 1 4 B ft U tlSf^ 2 5'Ci::ML-C:^'bm?tiiJ¥££ 

SiJ^L^o £<7>£ £<7>m?feJ¥££ ri 4 BgmtW£ (mm) J tUo 
[0 0 9 8] 

o^w^«b3 o Ba^is^mfti&J&^mu «m^^2 stciLt*?) 
mmm^^Bmvfzo zvtzvnmmz* r3 o bs*?&j¥£ (mm) j a 

[0 0 9 9] 

i^V>T. zSJg2 5t:iCT. mitl 20mAh (0. 2 I t) > ^ih«EE3. 0 
m^S£6 0 0 mA, f£lkmffi4. 2 V<^5E«^«i±^mi: U Jfcmte, m?t6 0 

omA (i. oit) , Mimj±3. o wfemmmmt vtz Q zotzwi-y- 

^^;vgOtt§iW, iftffi 0 I t#J«C«^» (mAh) J Ktt-f&~S 

53^£#mu n. oi tmmm-^mn^ (%) J £L£ 0 

[0 10 0] 

Wt^X, mC<M.&2 5ti:t> #«6 0 0mA, ^-jJimffi4. 2VO^ 

m^mffi^m^fo*:^ m^sti 2 omA (0. 2 1 1) , n-itmj±3. ov 

^^lttt^ffo/:o Z.(Dt£<Dl&mM*L<V. iftfB TO. 2 1 tWtffl 
(mAh) J ^-T^H^^^tBt, TO. 2 I t®«#*^t^ (%) J t 
Ltz 0 

[0 10 1] 

5 6 aiW8 4 Hi Kzti j t*ti'mm%M*) m u ^-rtt^mm 
zam^2 5VKMLxfrt>mmmzzmfcLfzo i^ti^iin^^wti 
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f 5 6 BBmmmZ (mm) J RTf T8 4 B g«?fei?£ (mm) J t Ltz Q ttz 

#tiiu rw,mm2mum (%) J 

[0 10 2] 

tfc«L If :3 8 9-5 1 1 N, rn-^R: RMM. •/n-7'f :If 6. 
3 ram) Srfflv^o 
[0 10 3] 

JJJUl<03&**^ 1 JttTH 2-4 t'^i-o * 1 £14, -r^TO^I&^«t&S.^Jt 

F e O^iHramii*^**^^*^**®^^^^**^** 1 ~~ 3 
: L i x Mn a N i b C o c 02^*t* c *>fc fcOW-fc-C^Lfco H3 2SttfH4 H 
a — N a F e 0 2 M^ H B B S^^^i-^ ; lt^m'fb^^jE®^«^fflv^c^^m 

i - 3 ^ra^mflii 2 tcov^T, **L-e*u o. 21 t 
iri. 0 1 tmummmmom^, m&&:: l i x Mn a N i b co c 02^^tt 

4cWti:OH«tiUo Ei3S.^I114 4 , ^{i> * *f * J'fflttfiflHft * 

[0 10 4] 
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(mm) 


14BS 
(mm) 


300 g 
(mm) 


56BB 
(mm) 


84BB 
(mm) 


*mxnfe i 


3.2 


3-3 


3.3 


3.3 


3.4 


*mmfe 2 


3.2 ! 


3.2 


3.3 


3.3 


3.5 


^^^Tfe 3 


3.3 


3.3 


3.4 


3.4 


3.5 


ttmnxi i 


4.0 


4.0 


4.1 


4.2 


4.4 


tb^mjfe 2 


3.5 


3.5 


3.6 


3.7 


4.1 


tmmfe 3 


3.5 


3.5 


3.6 


3.8 


4.2 



[0 10 5] 

m» $ ^3. 2-3. 4mmt-*l><Oi:it<tfv>o d*Ui, JESfe&fffcffi^ 
«ife042rjfc#** 6 0 0 mA h K&fr^&tztb, TEm&n 1 1 £J?< BBfibfcfc 

& < , « -N a F e 02S»S«**^**^^t ! »^^**jE*^**^' 
[0 10 6] 

m t & v^7fcm»R * ffl jattftib 3 -c t*> mmff $ itsn^^a* r * § * 

[0 10 7] 
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: L i x Mn a N ibC o c 02t^tc=l £ L£ & <mc*|^-f & L i C o 02* 

jEM^®^fflv^cjtfc«7&2 K&v&mmm zmunm&m 1 6 

HC< a-NaFe02M^ B B H #ii*^L, HtfSS&J&^K c < 1 £ t 

, la-bl<0. 0 5 L/c ^> O^MfS^SOfflv^7t^^m7fe 1 ~ 3 K£ 

a — N a F e 02S*NMf*3I**rU : L i x Mn a N i b C o c 0 2 "^$fr 

-5 1 Jf-)AlMIt^ttl^ t l J tk c<l£U I a — b I < 0. 05i 

[0 10 8] 

Sfcffi^fcSife?) a — N a F e 02^^ ft*ifc«r*-f SttfrflMfcWfciE 

^m%sc k ffl v> i ~ 3 s^jtistmtfe 2 {±. * tr * )i<m%k&M& ^ 

Mi^LTV^o Sfcfc, 1^ t « - N a F e 0 2 I^fjl«:f t^MSS 
jfcfttiESi»fi:iv^*^Ijili l - 3 ^.^Jt^mm 2 o*-Cfc, |&]&5£ : 
L i x Mn a N i b Co c 0 2 ^v^c< 1 Lfc^^mmi ~ 3 ti> c = 1 t 

[0 10 9] 

C ^>-e. »U&fNR L£#3£9!m?& 1 ~ 3 t , « - N a F e O 
mi>, I L i Mni/ 2 N i i/ 2 02^&*ft&fc&&fc®*'EMfflto& t L 
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m&&l: : L i x Mn a N i b C o c O2^i3^-Cc = 0 Lfc*r£-fcl±> 2 I 1 1*3* 

scm#tt* ? 8 5%^Tt^^^)i:\ mmmx^^o ztut^ c = ot Lfzm&, 

[0 110] 

ja±Oifc3*»e>, « -N a F e 02ffltt*HH6* : frU M^:Li x Mn a N 
ibC o c O2t'^^^0< c< 1 ttSCt^f^So W<>, 0. 33 
^c^O. 8 4tnc:l:WU»o 
[0 111] 

^f^mm 4 kov>t t > ^n^myfe i ~ 3 1 mm^ftm<o^im 

[0 112] 
[0 113] 

m%S:izm^fzi><D\ l Z'0^xm-<tz^, &J&5£: L i x Mn a N ibCo c Md02^ 
&V>-CM£V, Al> Mg, Cr> Ti, Cu, Z nOV^f ^*f>SJ?U d 
^0. l<7>$Sffl£: t^^m^^iE^»Kfc LTfflv^/i^lcfe^r^^ 

[0 114] 

& o 
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[0 115] 

<7)"C<b<£> 0 

[0 116] 

m 2 ] mmm^&mm<Di6iu&ft&ffi*7F~r77 yx$>& 0 
m 3 ] mmm k% & mmo-muu^m zm-t rvyx&Zo 

w 5 ] m mm k« & m,m^m%it^^ ^t^97^s 0 

1 ie^ 

1 1 

1 2 iEfetim# 
2 

2 1 nm^M 

2 2 

3 -b/N'V-* 
4 

5 temmnm-ky <( n,A 
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0 

0 0.2 0.4 0.6 0.8 1 

: L i Mn Ni Co O dfclf&cCDfil 
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0 0.2 0.4 0.6 0.8 1 

mf&& : L i Mn a N i fa C o o O 2 (Zfc l+%> c ©fit 
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[14] 

100 
~ 90 

£ 80 

B$gJ 



IhI 



70 



. 60 



50 



1 • 1 


i i 




A 








B """^v. 






C 




• 




U 
















a : *&wm,m i 






B : *¥£mntti 2 






c : *&wmm 3 






D : Jt^mm 2 






I I 





0. 2 



0.4 



0.6 



0. 8 



Li Mn Ni Co O o lzfo[f%> c 0>1S 

x a b c 2 
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[125] 

100 



95 



a : i 
b : *&wmm 2 
c : *&wmm 3 
D : jti&maii 2 

E : LiMn,/ 2 Ni 1/2 O 2 £J|V^m?& 



90 



cm 85 




&§J5£i£ : L i Mn Ni Co O (Cfclf&c 

X 3 D C & 
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mm 

^L, TiuffiiE®fi> &j8t& : L i x Mn a N i bC o c 02^$ a -N a F e 
„ 1 - 7 fcf.=. 1/ — K 1, 2 -^7x-Jl/lf-l/>*-^- 

im&m ft l 
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